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Abstract: [Objective] Photobacterium damselae subsp. damselae (PDD) is a major pathogen which
causes serious diseases in marine organisms. This study focused on two highly pathogenic PDD strains
(PDD1605 and PDD1608) with strong hemolysis and phospholipase activities, which were isolated
from maricultured fish in China. We analyzed the virulence and cytotoxicity of the extracellular
products (ECPs) derived from the two PDD strains and their correlations with the strain pathogenicity.
[Methods] The hemolysis and phospholipase activities of ECPs from PDD1605 and PDD1608 were
measured on agar plates. The pathogenicity of the two live strains and their ECPs to Sebastes schlegeli
were detected by artificial challenge test. Meanwhile, we prepared histopathological sections to observe
the pathological damage of organs and tissues. Furthermore, we added the ECPs to the media of human
embryonic kidney cell line HEK293T and mouse cardiac fibroblasts (MCFS) to study the toxicity of
ECPs to mammalian cells. [Results] The live PDD1605 and PDD1608 strains showed strong
pathogenicity to S. schlegeli. All the fish exposed to the strains at the concentration of 5x10* CFU/mL
died within 24 h. The ECPs of PDD1605 and PDD1608 also showed strong pathogenicity to
S. schlegeli. The death curve trend was similar between ECPs and live strains. The ECPs caused serious
tissue damage to S. schlegeli, which mainly included disintegration of intestinal mucosa, blood cell and
inflammatory cell infiltration in liver, hemosiderosis in spleen, and inflammatory cell infiltration in
myocardium. Additionally, the ECPs of the two PDD strains had strong hemolysis and phospholipase
activities in vitro, which was basically consistent with the virulence characteristics of live strains.
Moreover, they had cytotoxicity to HEK293T and MCEFS cells, reducing the cell volume in vitro and
causing degenerative changes such as round cell clusters. [Conclusion] The ECPs and live strains of
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PDD1605 and PDD1608 have highly consistent virulence and cytotoxicity. Our findings support that

ECPs are the key pathogenic factor of highly pathogenic PDD strains.
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Figure 1 The artificial infection results of Sebastes
schlegeli by PDD strains and its ECP.
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Figure 2 Histopathological changes of intestine, liver, heart and spleen of Sebastes schlegeli after
inoculation with PDD strains ECP. PDD1605: disintegration and abscission of intestinal mucosal tissue. The
myocardium of the heart was infiltrated by a large number of blood cells and inflammatory cells, and a large
area of necrosis and ulcer appeared in the myocardial tissue. The infiltration of blood cells in liver was
serious, and some tissue ulcers appeared. Hemosiderosis in the spleen (arrow). PDD1608: ulceration of
intestinal mucosa. The myocardium of the heart was infiltrated by blood cells and inflammatory cells. Blood
cell infiltration in liver and hemosiderosis in the spleen (arrow). Control: the organs and tissues all show the

normal tissues structure.
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Figure 3 Hemolysis and phospholipase activities of PDD strains ECP in different treatment groups. A: yolk

agar plate; B: sheep-blood plate.
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(A) PDD1605 PDD1608 PBS control Blank control

2 hpi

4 hpi

6 hpi

24 hpi

48 hpi

PDDI1605 PDDI1608 PBS control Blank control

(B)

2 hpi

4 hpi

6 hpi

24 hpi 8

48 hpi |

4 %% PDD E# ECP /a HEK293T #1 MCFS K4 iS5 145 1E

Figure 4 Cytotoxicity of PDD strains ECP tested using HEK293T and MCFS cells. A: HEK293T cell line.
The degenerative changes mainly consisted of the appearance of round cells clusters at 2 hpi (arrow), a total
destruction of the cell monolayer at 48 hpi was observed. B: MCFS cell line. The degenerative changes
mainly consisted of the appearance of degenerative cells shrinkage at 2 hpi (arrow), massive destruction of

the cell monolayer at 48 hpi was observed.
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PDD1608 61.17 97.57

S AL T B VR AN B, 3k R TR K
BAAET7 XS PDD (IR FE G A TR B 45
GRS S

Xt R EAN R, ECP J2d I RGN E
VLA RGR Sy, HA RSN . iR . g
Yy, LARSZN ECP 4300 43 W 28 5t 45 76 20 T 54
I 3= A R T DA G s AR, i ad A pr
Y TR 436 ECP M5 4 T4 Jit i 285 1 R+
DA “fi 32— > 4 AH ELATE FH — B2 £ 2 )i
BRI SO AL AIF ST 1938 i 22— PO, FEARIRSE
o, SE R N TRV GO 5 R B, Eoh v
PDD B P 1Y) ECP 5 1 B ik 2 BT AE A ABLAY
oWt , IESE PDD 9 ECP BUWRE 71 51 r bk
30 BE 1) BA A DG HE . Nk 3 PDD 1Y
ECP Ja &k ZHVF -l 3ot ae fr, X%
B ECP Y = 253 vl e & AN T R I M85 2=
FHAAL LS 1 ECP 3R /F FCF il B0 T 5
SRR E R OR, X P PDD 9 ECP HPfif
Zrf ARG Je gy, WA AT RERI T e R
AERIERNY, BA—EMPURERE, X 5K
K (Aeromonas hydrophila) ECP FJAH T
FAFRMMET, pesh, EHHEY PDD R
ECP J& 1 i T VRS i . A . O e
JUE S5 S LN 4 AR BT R R A 2 A
AR, X5 BRPE S S X K6 2K 1R (Streprococcus
iniae) ECP J&YL T 5 LM (Ictalunes punctatus)
1) 2H 295 FRATF 5% 25 SR AR P

G ECP Al REAL TS ZRIEHE 1E, Wi
MLEYE . diis i v . B K IE T . IR
AKfEEYE, DL sE RS, Mg EE F4
SURBIR AR I, P e D R U e 1 R AR AR
PRGN BT S VS L A 20 R 0 4 R
FEHE Ry P AR
IS Tt R 5 1ML 2 7 i T 1 R e 0o ) i 3]
HEAEN, RAENESESH T A5

http://journals.im.ac.cn/actamicrocn



3004

Li Yongjie et al. | Acta Microbiologica Sinica, 2022, 62(8)

HU PDD B ke 75 (10 37 o 24 Rl G Tt 2 1 7
PRSI E | B9 & B0 5 B P PDD & & Y ECP
Zerl iR EER AN 3 RPAS[E] O 4 i ah B
J&, wERL ECP 14 i B P RN i v v A
AL, HEGRA ML, TESE PDD ) ECP HA
Tiif 7 e A AR o A R P S 2 i v 4
WIS, AR ER A AR B IR M, A SR IE
FEI Jy S NS BTG PEAG PDD TR BR BT 255 1O B
HREE NG RS2 2R, PREEE SN, X
ARG 25 2L 38 L 20 i B SRR A 5
ECP 75 21 g 2 Hh 3 B30 40 s BR 274 A5 £k A 43 A
AP ECP R IMER, 22— FhE S 4 ECP
THO R FEARGE B, 2 B PDD H bk
) ECP XF AR B 4 g 22 HEK293T 41 i A1/ il
AT YEANIE 2R MCFS 4 i34 2 B0 T AN [F) R Y
A AEPEROY , B ECP SRk IE AR e
Hrp, R&ALFEE PDD1605 4151 PDD1608 2H
ECP 5 3 A% 2 Fi i iy JL-F- 58 42 2k L 4G 77 .
TnF A BRAL ) BECP X /)N RS ET 4 241 Jiid 22 MCFS
YR LA EEYE, FR AR LEAS T B S S
B, 5 ECP MR B IR —3, 53 F
B ) 22 YEAT B 8 A0 i ECP 1 41 i B 411 45
SR, SR AR FE A AL B4 A ECP XA
R AL R HEK293 T 4153 i 1 384345 47 , 4
A e 5 HAT HA ER 3 W i il A
HHipy A e ot se v, A B oh 2 2k B
ECP 1 (1% 7 Jig It R4 1M1 2 22 72 PDD A9 & i LI
Hl E AR ™, AR — s T R E
PR LA SRS I P RN SR B N BTG 4 i PDD AT
PRSI ECP # B AT = Bom e, W 24 m] 2ok 5
BVl , 3 O . MR O RN A5 B R 2
fASPE | FEAF L 2% JEL ECP ZE{RST
i 25 P S BN A5 25 A A BRAR AL | BN
16 71 XS IV RE 1 55 2 05 e 1 e, 25 R R W
ECP i85 I X HA ARSI I TG Pk F i B it

<l actamicro@im.ac.cn, & 010-64807516

WEE . A AR I RRIE . ECP FEIR N R
A5 I TR RR AR B 0 S50 1 S I
P IEFAOGPE , X — UG 5 HAth £ 05 S R 1Y
SERILA -, FF, dit—£%8 ECP Al
REJETE M 20RPE PDD B A B9 B0 o F2 Ho (o Je e
S EAESMIET EZEA, & PDD HAR
FOERZ — A RIEE R A BT g Xt
K E PDD mEURMERA TR IR RN, A
J¥ & PDD ¥ A TR B s e it T s S

S

[1] Takahashi H, Miya S, Kimura B, Yamane K, Arakawa
Y, Fujii T. Difference of genotypic and phenotypic
characteristics and pathogenicity potential of
Photobacterium damselae subsp. damselae between
clinical and environmental isolates from Japan.
Microbial Pathogenesis, 2008, 45(2): 150-158.

[2] Inglis V, Roberts R, Bromage N. Bacterial diseases of
fish. Halsted Press, 2013.

[3] Love M, Teebken-Fisher D, Hose JE, Farmer JJ 3rd,
Hickman FW, Fanning GR. Vibrio damsela, a marine
bacterium, causes skin ulcers on the damselfish Chromis
punctipinnis. Science, 1981, 214(4525): 1139-1140.

[4] Zhang Z, Yu YX, Wang K, Wang YG, Jiang Y, Liao
MJ, Rong XJ. First report of skin ulceration caused by
Photobacterium damselae subsp. damselae in net-cage
cultured black rockfish (Sebastes
Aquaculture, 2019, 503: 1-7.

[5] ¥ofl, skakom, X%, EUbW, B, miEd.
2 T R S N AR R OG5 HIE ) 7 1 M E
Hh 2 2R, 2018, 52(2): 19-25.

Yang N, Zhang ZQ, Wu TL, Wang HB, Shi QM, Gao
GS. Isolation and identification of Photobacterium

schlegeli).

damselae subsp. damselae from tongue sole. Chinese
Journal of Veterinary Drug, 2018, 52(2): 19-25. (in
Chinese)

[6] Terceti MS, Ogut H, Osorio CR. Photobacterium
damselae subsp. damselae, an emerging fish pathogen
in the black sea: evidence of a multiclonal origin.
Applied and Environmental Microbiology, 2016,
82(13): 3736-3745.

[7]1 Sharma SRK, Pradeep MA, Sadu N, Dube PN, Vijayan
KK. First report of isolation and characterization of

Photobacterium damselae subsp. damselae from



RN | AR, 2022, 62(8)

3005

[10]

[11]

[14]

[15]

cage-farmed cobia (Rachycentron canadum). Journal
of Fish Diseases, 2017, 40(7): 953-958.

Euidy, T, EEPE, BHAR, R/NE, $H, &
#, OIKIE. MoK RS ORI SR R /)N
S EEYERTIE. ShPBsaibE, 2021, 42(9): 85-91.
Wang LF, Yu YX, Wang YG, Liao MJ, Rong XJ, Li B,
Qin L, Zhang Z. Study on the pathogenicity of a
Photobacterium damselae subsp. damselae strain
isolated from diseased marine fish to mice. Progress in
Veterinary Medicine, 2021, 42(9): 85-91. (in Chinese)
Rivas AJ, Lemos ML, Osorio CR. Photobacterium
damselae subsp. damselae, a bacterium pathogenic for
marine animals and humans. Frontiers in Microbiology,
2013, 4: 283.

Thune RL, Stanley LA, Cooper RK. Pathogenesis of
gram-negative bacterial infections in warmwater fish.
Annual Review of Fish Diseases, 1993, 3: 37-68.
Garcia-Rosado E, Cano I, Martin-Antonio B, Labella A,
Manchado M, Alonso MC, Castro D, Borrego JJ.
Co-occurrence of viral and bacterial pathogens in
disease outbreaks affecting newly cultured sparid fish.
International Microbiology: the Official Journal of the
Spanish Society for Microbiology, 2007, 10(3): 193-199.
Austin B, Austin DA. Bacterial Fish Pathogens. Cham:
Springer International Publishing, 2016.

Cole DW, Cole R, Gaydos SJ, Gray J, Hyland G,
Jacques ML, Powell-Dunford N, Sawhney C, Au WW.
Aquaculture: environmental, toxicological, and health
issues. International Journal of Hygiene and
Environmental Health, 2009, 212(4): 369-377.

Farto R, Pérez MIJ, Fernandez-Briera A, Nieto TP.
Purification and partial characterisation of a fish lethal
extracellular protease from Vibrio pelagius. Veterinary
Microbiology, 2002, 89(2/3): 181-194.

Farto R, Armada S, Montes M, Perez M, Nieto T.
Presence of a lethal protease in the extracellular
products of Vibrio splendidus-Vibrio lentus related strains.
Journal of Fish Diseases, 2006, 29(12): 701-707.

Ishihara M, Kawanishi A, Watanabe H, Tomochika KI,
Miyoshi SI, Shinoda S. Purification of a serine
of  Vibrio
characterization. Microbiology and Immunology, 2002,
46(4): 299-303.

EURIA . DIV P 2RI I 3R AR R A A
SFPEORSE. T R A L A AL 18 5L, 2007.
Osorio CR, Vences A, Matanza XM, Terceti MS.

Photobacterium damselae subsp. damselae, a generalist

protease parahaemolyticus  and  its

pathogen with unique virulence factors and high

(21]

(23]

[24]

genetic diversity. Journal of Bacteriology, 2018,
200(15): e00002—e00018.

Rivas AJ, Balado M, Lemos ML, Osorio CR. The
Photobacterium damselae subsp. damselae hemolysins
damselysin and HIyA are encoded within a new
virulence plasmid. Infection and Immunity, 2011,
79(11): 4617-4627.

Vences A, Rivas AJ, Lemos ML, Husmann M, Osorio
CR. Chromosome-encoded hemolysin, phospholipase,
and collagenase in plasmidless isolates of
Photobacterium damselae subsp. damselae contribute
to virulence for fish. Applied and Environmental
Microbiology, 2017, 83(11): 401-417.

Kreger AS, Bernheimer AW, Etkin LA, Daniel LW.
Phospholipase D activity of Vibrio damsela cytolysin
and its interaction with sheep erythrocytes. Infection
and Immunity, 1987, 55(12): 3209-3212.

Rivas AJ, von Hoven G, Neukirch C, Meyenburg M,
Qin QQ, Fiiser S, Boller K, Lemos ML, Osorio CR,
Husmann M. Phobalysin, a small B-pore-forming toxin
of Photobacterium damselae subsp. damselae. Infection
and Immunity, 2015, 83(11): 4335-4348.

Mai%r, BRI, sKERk, Wk, MR, KEEH
M K IR G M8 R TE SN MR OL AT I
(Photobacterium damselae)’y &5 ¥k 1) 5 J1 5E R At 25
P Ar. R HI2E AR, 2020, 60(11): 2606-2619.

Deng YQ, Xu LW, Zhang YQ, Guo ZX, Feng J.
Analysis of virulence genes and antibiotic resistance of
Photobacterium damselae isolated from marine fishes
in coastal South China. Acta Microbiologica Sinica,
2020, 60(11): 2606-2619. (in Chinese)

XK, SKIE, FEWJF, TM, EEIPE, B, §iE
g, TGS, sk, EEL VPN R XS PRI 5E
N AR B9 N AL FR K™ S8 o3 B AR A 2R 2 55
FERFAE AT, SRR, 2021, 61(7): 2101-2111.

Liu X, Zhang Z, Wang LF, Yu YX, Wang YG, Liao MJ,
Xie GS, Xing J, Zhang H, Wang K, Xu Y. Phenotypic
and genetic diversity of Photobacterium damsela subsp.
damsela isolated from aquatic animals in Hainan
Province and Bohai Sea region. Acta Microbiologica
Sinica, 2021, 61(7): 2101-2111. (in Chinese)

MEkYe, oM, £5H, KIE, EEBE, BN, &
INEE AN TR R U 56 N 1 R AT T 56 N T o T R 3R
Bz RMWaHr. WEFERE, 2019, 43(6): 15-24.

Shi LN, Yu YX, Jiang Y, Zhang Z, Wang YG, Liao MJ,
Rong XJ. Studies on the phenotypic differences of
different Photobacterium damselae subsp. damselae
strains. Marine Sciences, 2019, 43(6): 15-24. (in Chinese)

http://journals.im.ac.cn/actamicrocn



3006

Li Yongjie et al. | Acta Microbiologica Sinica, 2022, 62(8)

[26]

[27]

[31]

[33]

XU K SR GE = ol H e A ) A AR R A
WAL ZASTEDTSE. VR R 20 138 3, 2021,
AEWR, WEld, AR, FORMAR, TRAERA, BOCRE. 7 Bk
8 g 550 P B T 7 g B DR A 7 ) B L M e
i ARl RE2E, 2017, 36(1): 76-85.

Xiong J, Lai XJ, Yu Q, Guo SL, Xu JS, Huang WS.
Analysis of virulence genes, extracellular products and
activities among seven Aeromonas strains isolated
from eels. Journal of Huazhong Agricultural
University, 2017, 36(1): 76-85. (in Chinese)

Phelan K, May KM. Basic techniques in mammalian
cell tissue culture. Current Protocols in Toxicology,
2016, 70(1): A.3B.1-A.3B.22.

Borrego JJ, Morifligo MA, Martinez-Manzanares E,
Bosca M, Castro D, Barja JL, Toranzo AE. Plasmid
associated virulence properties of environmental
isolates of Aeromonas hydrophila. Journal of Medical
Microbiology, 1991, 35(5): 264-269.

Fouz B, Barja JL, Amaro C, Rivas C, Toranzo AE.
Toxicity of the extracellular products of Vibrio
damsela isolated from diseased fish. Current

Microbiology, 1993, 27(6): 341-347.
Pedersen K, Skall HF, Lassen-Nielsen AM, Bjerrum L,
Olesen NJ. Photobacterium damselae subsp. damselae,
an emerging pathogen in Danish rainbow trout,
Oncorhynchus mykiss (Walbaum), mariculture. Journal
of Fish Diseases, 2009, 32(5): 465-472.

Bakopoulos V, Pearson M, Volpatti D, Gousmani L,
Adams A, Galeotti M, Dimitriadis GJ. Investigation of
media formulations promoting differential antigen
expression by Photobacterium damsela ssp. piscicida
and recognition by sea bass, Dicentrarchus labrax (L.),
immune sera. Journal of Fish Diseases, 2003, 26(1): 1-13.
Pham TH, Cheng TC, Wang PC, Chen SC. Genotypic
and molecular and

diversity, pathogenic

characterization of Photobacterium damselae subsp.

piscicida isolated from different fish species in Taiwan.

Journal of Fish Diseases, 2020, 43(7): 757-774.
FHbM . RO LA 7 B 32 B AR e
P53 BT B S R AP VTN T LRI T A% B A 1 2%
L3, 2019,

Pablos M, Remacha MA, Rodriguez-Calleja JM,
Santos JA, Otero A, Garcia-Lopez ML. Identity,
virulence genes, and clonal relatedness of Aeromonas

isolates from patients with diarrhea and drinking water.

<l actamicro@im.ac.cn, & 010-64807516

[36]

[38]

[41]

[42]

European Journal of Clinical Microbiology & Infectious
Diseases: Official Publication of the European Society of
Clinical Microbiology, 2010, 29(9): 1163-1172.

Ellis AE, Hastings TS, Munro ALS. The role of
Aeromonas salmonicida extracellular products in the
pathology of furunculosis. Journal of Fish Diseases,
1981, 4(1): 41-51.

Rey A, Verjan N, Ferguson HW,
Pathogenesis of Aeromonas hydrophila strain KJ99

Iregui C.

infection and its extracellular products in two species
of fish. Veterinary Record, 2009, 164(16): 493—-499.
WREEDS, EITE, £, B3k, #uic, W, FE
K. W KEEBRE (Streptococcus iniae) A=) Xt BE 5
N B (Ictalurus punctatus) () 805 Y. W55 B0,
2013, 44(2): 326-331.

Chen DF, Wang KY, Wang J, Geng Y, Huang LY, Hu
D, Jing JF. Pathogenicity on channel catfish Ictalurus
punctatus by extracellular products of Streptococcus
iniae. Oceanologia et Limnologia Sinica, 2013, 44(2):
326-331. (in Chinese)

Ben Hamed S, Tavares Ranzani-Paiva MJ, Tachibana L,
De Carla Dias D, Ishikawa CM, Esteban MA. Fish
pathogen bacteria: adhesion, parameters influencing
virulence and interaction with host cells. Fish &
Shellfish Immunology, 2018, 80: 550-562.

Labella AM, Rosado JJ, Balado M, Lemos ML,
Borrego JJ. of three new
Photobacterium  species affecting cultured fish.
Journal of Applied Microbiology, 2020, 129(1): 37-50.
Labella A, Sanchez-Montes N, Berbel C, Aparicio M,
Castro D, Manchado M, Borrego JJ. Toxicity of

Photobacterium damselae subsp. damselae strains

Virulence properties

isolated from new cultured marine fish. Diseases of
Aquatic Organisms, 2010, 92(1): 31-40.

AJ, Balado M, Lemos ML, Osorio CR.
Synergistic and additive effects of chromosomal and

Rivas

plasmid-encoded hemolysins contribute to hemolysis
and virulence in Photobacterium damselae subsp. damselae.
Infection and Immunity, 2013, 81(9): 3287-3299.

Pridgeon JW, Klesius PH, Song L, Zhang DH, Kojima
K, Mobley JA. Identification, virulence, and mass
spectrometry of toxic ECP fractions of West Alabama
isolates of Aeromonas hydrophila obtained from a
2010 disease outbreak. Veterinary Microbiology, 2013,
164(3/4): 336-343.

(BT )



